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Abstract
This paper focuses on the fact that the water–energy nexus remains an irrelevant issue on the energy policy
agenda and on the priorities of the energy leaders in Spain. This is a striking fact given that this takes place in
the most arid country in Europe, where almost two-thirds of electricity generation would have to be halted in
the absence of an adequate water supply. We contend that part of the explanation may lie in the lack of official
statistics and inconsistent sources of information on the water–energy nexus in Spain. To illustrate this point, we
provide examples of the uneven data available for one of the most intensive freshwater users in the thermoelectric
sector in Spain: nuclear power plants. Our research demonstrates the need for improved indicators as policy instru-
ments in the water–energy nexus in Spain since it is impossible to improve what cannot be measured.
Keywords: Cooling technologies; Indicators; Policy evaluation; Policy instruments; Spain; Water–energy
nexusIntroduction
The crucial role of water for human life is a scientific fact well recognized by society. Yet most people
would not consider water as a basic input in our energy system. If asked about the issue, the average
person would surely identify the link of energy and water by just evoking power dams. However,
according to IEA (2013) and Delgado et al. (2015), nearly 80% of the world’s electricity is generated
in thermoelectric power plants which require water in their operation. Adding the 15% corresponding to
hydroelectricity generation, the vast majority of today’s global electricity generation would cease in the
absence of water (that is, all hydroelectric production plus all thermal generation regardless of technol-
ogy). In fact, the production of electrical power is one of the largest uses of water worldwide and,
consequently, the mutual vulnerability of water and energy is considered as one of the most important
concerns of the future (IEA, 2012b). Vast amounts of water are needed in power generation, mainly for
cooling processes. In turn, there exists a vast international body of literature and technical reports2166/wp.2019.081
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(2009), Macknick et al. (2012), and Meldrum et al. (2013).
In this context, some international institutions have developed proposals to address the challenges of
energy resources planning and water (for example, the Thirsty Energy Initiative from the World Bank)1
and many authors have researched this matter from different perspectives (IEA, 2012a, 2012b; WWAP,
2014; Delgado et al., 2015). Water shortages have already impacted the energy sector in many countries
albeit in different ways. For example, whereas in India, several thermal power plants have shut down
due to water scarcity, in the USA or France, power stations have reduced their energy production as
a result of high water temperatures preventing the proper functioning of cooling systems (Rodriguez
et al., 2013). In line with this, the French case is especially relevant since the country currently gets
about 75% of the total electricity from nuclear power plants and most of its reactors are cooled by
water from rivers (World Nuclear Association, 2018). Moreover, several trends point to rising demands
on energy and water due to the rapid population growth and expansion of economies due to globaliza-
tion. Therefore, ensuring the future provision of water and energy is essential to guarantee the social and
economic development of many countries.
According to the State Meteorological Agency (AEMET, for its Spanish acronym), in Spain the
hydrological year ended in 2017 with a shortfall of 15% when compared to the historical average
(1981–2010) and, hence, freshwater reservoirs of the country in 2017 were at their lowest state this cen-
tury, representing the fifth driest year since 1990 (http://www.aemet.es/). While there is a long list of
studies that have calculated the water footprint in agriculture, industry or even the tourism sector in
Spain (De Stefano & Llamas, 2012; Cazcarro et al., 2014; Duarte et al., 2014), the few studies on
the water issue in relation to energy within the electricity sector have mostly referred to hydroelectric
power plants and have ignored thermoelectric uses unlike the international literature. Some rare excep-
tions to this oversight are Carrillo & Frei (2009), Hardy et al. (2012) and Sesma-Martín & Rubio-Varas
(2017).
The world at large has begun to think of the water–energy nexus as one of the priority issues at the
global level. However, the energy–water nexus seems to remain irrelevant on the Spanish energy policy
agenda. According to the data reported in the World Energy Issues Monitor (WEC, 2014, 2015, 2016,
2017), which ranks the most important issues according to the world’s energy leaders, the water–energy
nexus is not considered to be a matter of priority action in Spain. At a global scale, Spain ranks in a less
prominent position than the other regions (e.g., OECD, North America, Asia, Africa, Latin America)
and even behind the European average2. More specifically, this can be seen in Figures 1 and 2 that
show some of the latest Energy Issues Monitor for Spain where the water–energy nexus is found at
the bottom left margin of the graph, a position corresponding to issues perceived to be of lesser impor-
tance or those that are still not fully understood and require further investigation. Furthermore,
comparing the size of the bubble corresponding to the water–energy nexus between the years 2014
(Figure 1) and 2017 (Figure 2), it can be seen how the water–energy nexus has lost relevance over
the years (the larger the bubble, the greater the level of urgency). It was, in fact, regarded in 2017 as
the issue with the least potential impact on energy in Spain (Figure 2). This contrasts with the social1 For more information, see: http://www.worldbank.org/en/topic/sustainabledevelopment/brief/water-energy-nexus.
2 This statement can be demonstrated by comparing Figure 8-The Energy-Water Nexus on p. 23 and the figure corresponding to
Spain on p. 117 from WEC (2016).
Fig. 1. WEC’s 2014 World Energy Issues Monitor, Spain. Source: WEC (2014) (used by permission of the World Energy
Council, London, www.worldenergy.org).
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the three days that attracts most attention among the Spanish population (UN Water, 2016).
Our hypothesis is that two issues lie behind the fact that the water–energy nexus is not considered a
primary issue in the Spanish policy agenda. First, the absence of appropriate data (in other words, fac-
tual information such as measurements or statistics) to understand the water–energy nexus, as we will
show, is evident from the inconsistencies in the available sources of information published for analyzing
the water needs of the energy sector in Spain. Second, the deficient understanding of the basic concepts
with respect to water use (water withdrawal vs. water consumption) on the available sources which, in
turn, omit information about the particular procedures or methodologies utilized to calculate such
figures. These two sets of discrepancies (namely, in the available data and the unfitting use of inap-
propriate definitions) can result in incorrect interpretations that prevent a good estimate of the
thermoelectric water footprint. At the same time, this can weaken the development of good management
practices and the establishment of an efficient policy around the water–energy nexus. What is evident
Fig. 2. WEC’s 2017 World Energy Issues Monitor, Spain. Source: WEC (2017) (used by permission of the World Energy
Council, London. www.worldenergy.org).
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society about the importance of water within the power sector.
Typically, the regulation of the electricity market acts on four components: generation, transmission,
distribution, and commercialization. In Spain, from 1944 until the 1980s, a cartel of mostly privately
owned companies, under the name of UNESA, self-regulated all aspects of the electricity market.
The desire for change of the first Socialist government (elected in 1982) came to fruition with the natio-
nalization of the High Voltage Grid, which was then again privatized in the late 1990s. ‘What is certain
is that the new model of regulation established in Spain brought about a first phase of vertical disinte-
gration in the old regional private monopolies and created the means to achieve an optimization of the
Spanish electricity system’ (Garrues & López-García, 2009). But it is relevant that the Spanish electri-
city production was organized as a private self-regulated business for most of the 20th century. Maybe
as a consequence of this institutional setting, another aspect that emerges from the Spanish context is
that thermal power stations in Spain do not pay for the water they use. Spanish legislation only included
a fee for the amount of water used by hydropower plants from 20133 but does not impose any fee for3 This fee was created by Law 15/2012, of 27 December, on fiscal measures for energy sustainability. However, Royal Decree
198/2015, of 23 March, which implements article 112 bis of the consolidated text of the Water Act and regulates the charge for
the use of inland waters for the production of electricity in inter-community districts, specifies the aspects necessary for levying
the charge and obliges hydroelectric plant owners to make the payment with effect from 1 January 2013, the date on which Law
15/2012 took effect.
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additional argument to think about how the lack of political interest on the matter could be behind
the lack of consistent evidence on the water–energy nexus.
These shortcomings put the correct management of water resources in Spain at risk. This seems par-
ticularly worrisome when it is the most arid country in Europe, where almost two-thirds of electricity
generation would have to be halted in the absence of an adequate water supply (in 2017, 56% thermo-
electric plus close to 10% hydroelectric) (REE, 2017). Therefore, our aim in this communication is to
expose these inconsistencies in the sources of information available in Spain when accounting for the
thermoelectric water footprint. In this context, the thermoelectric water footprint refers to the volume of
fresh water used for electricity generation in thermal power plants. We expose these issues by comparing
and contrasting the available published sources of data of water use for the nuclear sector in Spain, the
most water intensive of all thermal technologies, as collected by Sesma-Martín & Rubio-Varas (2017).Methods
There exist two key concepts when estimating the water requirements of a thermoelectric power plant:
water withdrawals and water consumption. Water withdrawals are the total volume of water removed
from a source by a power plant and water consumption is the amount lost to evaporation during the cool-
ing process (Kenny et al., 2009; Sesma-Martín & Rubio-Varas, 2017). In other words, water
consumption is the volume of water withdrawn that is not returned to the source. In this way, differen-
tiating between withdrawals and consumption is fundamental because even if large portions of the water
return to the rivers, yet the opportunity cost exists for such water volumes. Likewise, water consumption
and withdrawals have different associated environmental adversities (e.g., warmer water discharges,
death of fish caught in the catchment systems) where appropriate public measures are needed to mitigate
them; although in this paper, we only focus on the quantitative aspects.
In general, for elaborating a proper estimation of the water footprint for the thermoelectricity sector,
first, power plants should be classified by type of fuel (coal, fuel-oil, gas, and uranium) and cooling
technology (the most common systems are cooling towers and once-through systems). Each fuel and
cooling system involves different water requirements and, consequently, produces different water with-
drawals and consumption factors (e.g., open-loop systems withdraw much more water than cooling
towers, but cooling towers evaporate much more water than open-loop systems) and, in turn, each
region has specific geographical features that can condition water availability. Therefore, understanding
the advantages and disadvantages of each cooling technology is essential for the correct management of
freshwater resources.
For the sake of this communication, we concentrated on the water requirements of the nuclear power
facilities, but our claims regarding the inconsistencies of water use data in the electricity sector in Spain
apply to the whole thermoelectricity sector (Sesma-Martín, 2017). Nuclear water requirements tend to
be larger per MWh (megawatt hour) generated than alternative thermal technologies (IEA, 2012a,4 There is an exception at regional level in Catalonia. Since 2004, the Catalan Government, through the Catalan Water Agency,
imposes a tax (namely, Canon del agua) on freshwater resources used to refrigerate all those thermal and nuclear power stations
of the region. This Canon del Agua is regulated by Legislative Decree 3/2003, of 4 November. The complete resolution can be
found at https://www.boe.es/buscar/pdf/2003/DOGC-f-2003-90016-consolidado.pdf.
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Martín & Rubio-Varas (2017), which included Spanish nuclear facilities operating with fresh water
that has been withdrawn from rivers or lakes. Plants working with sea water or refrigerating with gas
were omitted. Therefore, the investigated nuclear power plants were Trillo I, Cofrentes, Almaraz I
and II, Ascó I and II, Santa María de Garoña, and José Cabrera (known as Zorita). In their study,
the authors excluded the Vandellós units I and II which use gas and sea water for cooling, respectively.
For the plants considered, the authors did extensive research in public and private institutions to
decipher the technical factors in order to estimate the water required to produce atomic energy in
Spain (see Supplementary material from Sesma-Martín & Rubio-Varas (2017)).
The information sources consulted included data from the Spanish Nuclear Safety Council (CSN for
its Spanish acronym) and from the Libro Blanco del Agua, which represents the main references on
water problems in Spain. Moreover, the data appearing on the websites of the River Basin Confedera-
tions (the main basin agencies in Spain) to which the different nuclear power plants correspond as well
as water data published at the Spanish Official Bulletin (BOE) and the theoretical maximum water con-
cessions of each power plant were reviewed. Greenpeace and the nuclear power plants themselves also
collect some data in their environmental reports. Finally, the TRACER Project, a technical study on pol-
lutants in rivers, also provided some timely data on the possible withdrawals of water from Spanish
nuclear power plants.
The collected data show the few cases where actual, reliable, and well-defined figures are provided.
According to the Supplementary material in Sesma-Martín & Rubio-Varas (2017), in some of the data
sources the numbers provided cover either water withdrawals or water consumption, but not both. On
other occasions, the sources omitted specifying whether the figure provided referred to withdrawals
or consumptions. Moreover, in recent years, electric utilities have produced environmental reports,
that among others, provide data on their water consumption. However, these figures are useless for
the purpose of estimating the water requirements of a given power plant as these reports only provide
the total aggregated data on water usage without differentiating between cooling technologies or indi-
vidual facilities. As explicit data for each nuclear power plant are lacking for most Spanish reactors,
Sesma-Martín & Rubio-Varas (2017) resorted to estimations based on the international literature. All
Spanish reactors are of American manufacture, except for two of them (De la Torre & Rubio-Varas,
2016). Therefore, by reviewing the American literature on cooling technology and water factors,
Sesma-Martín & Rubio-Varas (2017) applied those standard factors for the equivalent reactors and pro-
duced their estimated time series of the water footprint for nuclear plants in Spain. However, they did
not compare and contrast the different estimates they collected, nor compare them with their own esti-
mations based on water factors from the international literature. We conducted such comparisons to
expose the insufficient precision and inconsistent data available on the water–energy nexus in Spain.Results
Figures 3 and 4 show the comparison between the different water withdrawals and consumption fac-
tors for each of the Spanish nuclear reactors from the available published sources on water needs
provided in Sesma-Martín & Rubio-Varas (2017). In turn, these figures are associated with Tables 1
and 2, which show some statistics for evaluating the absolute and the relative quality of the data.
Fig. 3. Sample data of the water withdrawal factors for Spanish nuclear power plants.Note:m3 ¼ cubic meter. Source: Elaborated
from individual reactor published data available from the Supplementary material in Sesma-Martín & Rubio-Varas (2017).
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water withdrawal coefficients deducted from the different sources for each nuclear power plant in
Figure 3. More specifically, while data exist for the technical factor on water withdrawals for all
nuclear power plants, there have been no data published for three of the eight nuclear plants in
the case of water consumption, except for the data estimated based on the literature review
(Figure 4). In this way, when evaluating in absolute terms in the case of water withdrawals
(Table 1), the nuclear power stations with the lowest range, in other words, lesser distance or dis-
persion among data, are Cofrentes and Trillo. In all other cases (i.e., Almaraz I-II, Ascó I-II,
Garoña, and Zorita) the range is wider, as the data are further apart from each other. Likewise,
for evaluating the relative quality of data we have calculated the coefficient of variation (CV)
which shows the dispersion of data in relation to the average. Now the power plants with the
lowest values are Trillo (0.17), Cofrentes (0.19), Garoña (0.23), and even Zorita (0.35). However,
Almaraz I-II and Ascó I-II have a greater coefficient (0.74, 0.73, and 0.54, respectively). Conver-
sely, the picture for water consumption is very different. No official data exist for the Garoña and
Ascó nuclear power plants and the data for the rest of the cases present differences of various orders
of magnitude. Thus, whereas Cofrentes, Trillo, and Almaraz I-II capture the lowest ranges (0.10,
0.19, 2.30, and 2.44 respectively), Zorita’s range (14.08) stands out extremely among the rest.
Finally, when assessing the relative differences, we find in Cofrentes and Trillo the lowest
Fig. 4. Sample data of the water consumption factors for Spanish nuclear power plants. Note: m3 ¼ cubic meter. Source:
Elaborated from individual reactor published data available from the Supplementary material in Sesma-Martín & Rubio-
Varas (2017).
Table 1. Statistics for data on water withdrawals’ factors (m3/MWh).
ALMARAZ I ALMARAZ II ASCÓ I ASCÓ II COFRENTES GAROÑA TRILLO ZORITA
N 6 6 5 5 3 6 3 4
Max 209.00 218.00 200.60 168.00 4.59 347.70 5.86 364.15
Min 31.00 32.68 4.17 4.17 3.13 167.88 4.17 167.88
Range 178.00 185.32 196.43 163.83 1.46 179.82 1.69 196.27
Median 111.65 115.63 158.31 133.03 3.96 313.18 4.98 241.73
SD 82.22 84.50 86.20 72.06 0.75 71.64 0.85 85.06
CV 0.74 0.73 0.54 0.54 0.19 0.23 0.17 0.35
Note: N¼ data frequency; Max¼maximum value; Min¼minimum value; Median¼ arithmetic average; SD¼ standard
deviation; CV¼ coefficient of variation.
Source: Elaborated from individual reactor published data available from the Supplementary material in Sesma-Martín &
Rubio-Varas (2017).
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value (0.71 and 0.72) and Zorita presents again the highest value, although far less remarkable
than before (1.24).
Table 2. Statistics for data on water consumption factors (m3/MWh).
ALMARAZ I ALMARAZ II ASCÓ I ASCÓ II COFRENTES GAROÑA TRILLO ZORITA
N 3 3 1 1 2 1 3 2
Max 3.32 3.46 2.54 2.54 2.64 1.02 2.73 15.10
Min 1.02 1.02 2.54 2.54 2.54 1.02 2.54 1.02
Range 2.30 2.44 0 0 0.10 0 0.19 14.08
Median 1.83 1.89 2.54 2.54 2.59 1.02 2.65 8.06
SD 1.29 1.36 – – 0.07 – 0.10 9.96
CV 0.71 0.72 – – 0.03 – 0.04 1.24
Note: N¼ data frequency; Max¼maximum value; Min¼minimum value; Median¼ arithmetic average; SD¼ standard
deviation; CV¼ coefficient of variation.
Source: Elaborated from individual reactor published data available from the Supplementary material in Sesma-Martín &
Rubio-Varas (2017).
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In the case of the Spanish water–energy nexus, we have identified a number of sources (suppliers of
information) that provide inconsistent and, at times, contradictory factual information for the amount of
water required to operate the thermoelectric power plants (data), without specifying the particular pro-
cedures utilized to calculate such figures (no methodology). Furthermore, the data identified refer to
benchmark estimates. There exists no statistical evidence on the evolution of the water requirements
(neither withdrawals nor consumption) over time for any of the Spanish thermoelectric plants. More-
over, as mentioned above, ‘while data exist for the technical factor for water withdrawals for all
nuclear power plants, there have been no data published for three of the eight nuclear plants in the
case of water consumption’. Thus, our claim that the data on the water–energy nexus in Spain is weak.
Effectively, the problem lies mainly in the impossibility to identify from the sources that we collected,
what concepts are being measured and estimated (water withdrawals, water consumption, or both). In
other words, it is impossible to identify the methodologies utilized, which, in turn, contributes to
make the little available data even feebler. The figures above show the evident lack of consensus
among the different sources of information that collect water data regarding the estimation of freshwater
resources needed for thermoelectric production. Management thinker Peter Drucker is often quoted as
stating that ‘you can’t manage what you can’t measure’ and physicist Lord Kelvin, in a similar vein, has
been attributed with the phrase ‘if you cannot measure it, you cannot improve it’. With a clearly estab-
lished metric for success, it is possible to quantify progress and adjust processes to produce the desired
outcome. Without a clear indication of the size of a problem there is no reason to worry or act to solve it.
For example, in the USA, water withdrawal and consumption data have been available for almost all
thermoelectric power generating units and cooling systems in the country for many years and, hence,
the water–energy nexus is a matter of greater relevance for American policy-makers. Thus, we contend
that the fact that the water–energy nexus has not been considered a critical issue in the Spanish policy
agenda has largely to do with the lack of consistent indicators about it. Moreover, lack of studies on the
estimation of the water requirements for thermal power generation so far in Spain could be related to the
limited official statistics on the water–energy nexus, which makes this type of analysis impossible. In
this respect, in 2013, Spain signed an agreement for the construction of a more transparent and open
government through the approval of the Transparency Law (Law 19/2013, December 9, of
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the creation of a specific portal on open data. However, there has been little compliance with these
agreements. According to the Index of Water Management elaborated by the non-governmental organ-
ization International Transparency5, in Spain there are still significant gaps in publicly available
information in some areas of public management. Furthermore, when ranking by data typology, all
those data related to uses of water are the most limited, appearing in the last position of the ranking.
De Stefano et al. (2018) in a recent study about open data in the Spanish water sector also confirm
these statements.
We plead that Spanish energy leaders and those responsible for the energy policy of the country con-
sider water as the critical energy resource that it is. In this sense, working in producing accurate data on
the evolution of the water withdrawals and consumption seems to be a key issue to move towards a
better estimation of the thermoelectric water footprint. Better data will also help to improve the aware-
ness of the different tradeoffs between water uses (i.e., withdrawals and consumptions) according to
different cooling technologies and alternative ways of producing electricity. This is particularly impor-
tant, not only when taking water policy measures and planning future energy systems, but also when
analyzing special cases such as Spain, with increasingly frequent episodes of drought. Moreover, the
publication of data related to uses of water within the energy sector in official and open sources of infor-
mation would also contribute to the generation of new knowledge and studies on this matter. Ultimately,
a better understanding of this problem in Spain could provide short- and long-term strategies to cope
with vulnerability and resilience in power plants in future water stress scenarios.
After the analysis of sources of information carried out in this paper, we conclude that the environ-
mental reports produced by thermal power plants are the best sources to estimate the annual water
footprint. However, this improvement in data production and collection would be of little value if the
environmental reports remain inaccessible (although for some plants they are already public, in most
cases they are not). There exists no systematic effort to make them public. Thus, the Spanish Ministry
of Agriculture, Fisheries, Food and Environment (MAPAMA, as known by the Spanish acronym) or the
Hydrographic Confederations, as public regulatory bodies of the Spanish river basins and dependent on
the Spanish Ministry of Environment, could represent the most relevant authorities to collect and publish
on their websites these kinds of data. Additionally, we believe that some of this information should also
be included in the Libro Blanco del Agua, the most representative reference on water problems in Spain,
where only eight of the 637 pages of the full text are dedicated to the water–energy nexus.
Finally, making strict use of the definition of ‘Economy’ as the discipline that studies the distribution
of scarce resources among competing needs, our interest as economists is to assess the amounts of fresh
water required for thermoelectric production. Therefore, in this paper, we only focus on the quantitative
importance of water, leaving aside the qualitative aspects (i.e., temperature, liquid effluents, or radio-
active solid wastes) which require a different approach. This could be a potential issue to be
addressed in future analyses, especially in the Iberian Peninsula, where three main rivers cross the
border flowing from Spain into Portugal and four nuclear reactors have used water from the Tagus
River for cooling from the middle of the 20th century onwards (Rubio-Varas et al., 2018).
In summary, we hope this information will encourage better data collection on the water–energy
nexus in Spain, as well as a more transparent and consistent publication of the data in open platforms5 More information about International Transparency-Spain can be found at https://transparencia.org.es/.
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How should water be taken into account when planning the electricity mix of the future? Questions like
these will become crucial in the coming years.Acknowledgments
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